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FOREWORD

This report is the fourth in a series of monthly reports prepared in
accordance with AFEM Exhibit 58-1 and submitted in partial fulfillment of
Contract AF 04(694)-212, Supplemental Agreement No. 3.

Direction for contract performance is provided by C. L. D'Ooge, Pro-
gram Manager, Research and Advanced Technology Division, Iiquid Rocket Plant.

The contract for the continuation of the Product Engineering Program

is made up of four projects:

Project Title Project Engineer
I. Coated Metallic Thrust Chambers D. G. Harrington
II. Expandable Nozzles D. M. Green
III. Combustion Instability Scaling F. H. Reardon
Concepts
IV, Ablative Thrust Chamber T. A. Hughes
Feasibility
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I. COATED METALLIC THRUST CHAMBERS

A.  INTRODUCTION
1. Purpose
The objective of this project 1s to develop a reliable thermal
barrier capable of surface temperature operation above 3300°F for use on regener-
atively-cooled thrust chambers employing Nzoh/AeroZINE 50 propellants. Thermal
barrier coatings are used for improving liquid rocket engine performance through
reductions in film-cooling requirements.
2. Approaches
The development of the thermal barriers will be accomplished
through:
a. Full-scale testing of coated YLR91-AJ-5 thrust chambers
(Titan II second stagé) at fuel-film-cooling flow of 5% or less.
b. Laboratory thermal shock, thermal conductivity, erosion-
corrosion, and metallographic testing.
B.  PROGRESS DURING REPORT PERIOD
1. Full-Scale Testing

Although chamber 2 had been scheduled for two 12-gecond tests
with 17.6% £ilm cooling, no tests were conducted. The schedule slippage was
caused by delays in Doth fabrication of the modified coating fixture and re-~
arrangement of the laboratory space required to install the dust collection

gystem to the coating fixture. Details are given in Paragraph B, 3.
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I, B, Progress During Report Period (cont.)

2. Design
The design drawings were completed. A fabrication order was

prepared to modify a new 2SIN-O injector for 5% fuel-film-cooling. The design
includes each of the features outlined in last month's progress report (Report
212/SA 3-2,2-M-3).
3. Fabrication

The modifications to the full-scale coating fixture were com-
pleted and the laboratory space expanded to accommodate a dust collection system.
The modifications included the dust collection system, dust covers and wiper
scrapera on polished shafts, increased straightline run-out on the cam, new
ge#r reducers for the rotation and feed drives;, a higher horsepower motor,
reworked remote control valves, and a spacer ring to allow air cooling and
protection of seal grooves. The target date of 11 Octoder 1963 for completion
of the modifications and enlargement of the ladoratory space was not met be-
cause of unforeseen difficulties in scheduling the duilding maintenance per-
sonnel and in odtaining the proper speed range on the feed drive of the coating
fixture. On 30 October 1963 the installation was complete.

Three practice coating passes were made on & scrap chamber.
When the hydrauldc fluid irn the system reached normal operating temperatures,
it was found that the mimimum speed attainable on the feed drive was 10 rpm
with a 5:1 gear reducer, whereas the maximum speed attainable with a 40:1

reducer was 17 rpm. The speed range required was fourd to be 3 to 30 rpm -
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I, B, Progress During Report Period (cont.)

from the three practice runs and from the previous experience when hand control
valves were used. Since those were the only two speed reducers available in the
plant, the required speed range could not be obtained. A rush order for a

15:1 reducer was placed. In the meantime, an improvised braking method to
reduce the speed of the 5:1 reducer system will be employed to coat chamber 2,

Fabrication of chamber 3 is expected to be completed 14
November 1963, Although this is one month late, the chamber could not have
been used sooner because of the schedule slippage in the coating of chamber 2,
Chamber 4 will be a re-coated chamber 1, 2 or 3., Chamber 5 remains on schedule
for coating on 17 March 196k,

A new 2SIN-0 injector is available to modify for 7% fuel-film-
cooling. Completion is scheduled for 25 November 1963.

4, Laboratory Testing

Twelve additional thermal shock specimens were coated. The
composition, thickness, and deposition peremeters for these coatings are given
in Table I-1. The principal variables in this series are molybdenum primers
ve Nichrome primers, aad topcoats of Al 0y, ir0,, 90 Zr02-low,*and 502r0,,-
SOZrBZ. ‘

Metallographic examination vas nearly completed on several
of the thermal sheck specimens tested last month, Preliminary results indicate
that the tungsten in the 9021'02-10\11 is of such small volume and non-uniform
dispersion that its presence is believed to be of '1itt1e benefit. The

75z:-o,_-25v topeeats appeared somewhat better, but still not as uniform as

® Weight perecns
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I, B, Progress During Report Period (cont.)

desired., Experiments were planned to determine if a closer spray distance
would make a more uniform microstructure. The microstructure of the ThOy-W
coatings appeared more atiractive than the ZrOo-W coatings.

An overall estimate of the best coating to test on chamber 2
is a gradated Nichrome-zirconia base with a topcoat of 7SZr02~25W. This is a
change from the 90Zr0,-10W topcoat recommended for chamber 2 in last month's
report. The reasons for the selection change are doth microstructural appear-
ance and good thermal shock resistance showm dy specimens 117 and 122 which
had topcoats of 75Zr0,-25W. Also, the higher percentags of tungsten will allow
more accurate evaluation of the tungsten oxidation rates to be encountered in
the full-scale chamders.

5. Qualsty Control Studies
The cerrent contract wvas completed by the Pyrco Division of

Anamet Iaborstories for deternining the feasidility of non-destructively measuring
coating thickness. A final report was completed 8 October 1963, The study in-
cluded evsluation of witrasonic, dets emission, xeray, magnetic, eddy current,
capacitance, resistance, microwave, and mechanical means for determining coating
thicknesses, both as a control during spraying and after firings.

It was eoncluded dy Pyreo that the eddy current technique is
the best methed svailadle for the job, Accuracies possible were estimated to
be 0.001 inches or 10¥ oZ the qoating thickness, whichever 'is greater. The

work included actual calibrations on gradated Nichrome-zirconia plasma sprayed
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I, B, Progress During Report Period (cont.)

coatings on both flat and tubular specimens. The feasibility was further
proved by measurements taken on chamber 1 which had previoualy been coated
_and fired three iines.

A puschase requisition is deing processed for a follow-on
contract wvhich will previde Agrojat-Qsnsrsl dy 15 Jaauary 196k with a cemplete
package of the nmecassary eQuismsnt, calibration 4ats, end instructions for
measuring ceating thicknmss by the eddy current tschnigue.

An ardar wp placed for S 1b of tungsten-coated thoria.
Cempared to the wethod of alxing povders in the epray feeder, this material
should provide excellent camposition and microgtrycture control.

C. ¥IXT REPCR? FZRICD

Chander 2 will Do coated with gradated Wichrome-zirconia with a
752!0&-259‘ topcoat. Five tests of 12-second duration with 17.6% fuel film
cooling will de made ot chamber 2. If the coating Ls intact after these
tests, firings with 5% £11a cooling will be made.

The modificetions of injector 2 for 5% film cooling will be com-
pleted.

Fadbricetion of chamder ) will be completed.

Addstional thermal shock specimens will be coated and tested for
ovl}Ultton of ceatings for ehander 3.

Tadle I-2 &8 & schedule of tasks for the coated metallic thrust

shambes program.

#Welght percent
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TABLE I-2

OCOATED METALLIC THRUST CHAMBER MILEPOST CHART

PRESENY

CY 63

CY 64

COATED METALLIC RUST CHAMBENS

SAY] w0 | Yn

|\

FlM

PHASE I, ANALYSIS AND RATA EVALUATION

4. Hest Trensfer

1. Initbated 1] 6163 *
2, Cerpleted n{sle
3. Tefmal Hgves
1, Isdehobsd 2 (301 ‘
. Genpivesd § 46
t. Bresies e Gepwian
A Jeltledsd - 41 (X
3. Cempledey 3 %
)2 Dets Svimabbed
1, Jpidiseed 38618y
£, Gosting Sslested Grasber § 130 $10 6y
N . £ . 2 30 112 Y&y
L b Coating Solectodt Gasber & 29 J12 18y
| o d:_Soating Selectes Casbes § 2 D16
6. Sompietet XA L)
B.  Specifieatios fee Pett Thesus Sarries
A\, Znitlated 7] s i&n
2. Completes 30| 5160
PHASE 7T, LABORATORY ENVESTIGATROND
A. laboratery Iavestigation Initlates 1§ 616 ‘
1. Thermal Shoek Teots AR *
2. Thermad Confuctivity Testd 11 6 ]6 |
3. Erosiem-forfosion fests Ay 6168 \
k. Gosting Applieation Reehniqnd 1] 616 L
Beveloped .
5. Metallegrephy Ai6168 3
) 3. laboretory oot Beste
A, Inltiated 23 § 0 16y o
1. Completes _ 22 {6 fo |
|C: _labovetsry Zuvestigetion Capieted nigja
PEASE SII, QANRTS @WTRS
A, Btuiies Tmieiodsl _ y 6y \
1. New Nedawisl Gewtwod 319 )¢
2, Pracess Gontred IS AC L
3. DPestwmctive Sewpling L 9! 916y b
b, Non-nstaustive Teshing 919 16 #
B. Studies Ocmpletel &6




TABLE I-2 (cont.)

PRESENT oY 6
COATED METALLIC THRUST CHAMBERS . s HEIE
PHASE IV, FULL SCALE TESTING
A, Thrust Chamber 1
1, Ready for Buildup A 116163 3
2, Ready for Testing 717 i63 A
3. Testing Completed 61963

B, Thrust Chamber 2
1., Release for Fabrication 1] 6 {63
2, Ready for Coating 519163
3. Ready for Buildup 12 |1y [6y Q
4, Ready for Testing 20 M1 6y ~ :
5. Testing Completed as {2 }6) vﬂL“

C. ‘Thrust Chandew 3
1. Release fow Fadeieatten 1] 696y 3
2. Really for Goating 18 {1 163
3. Ready for Buildup 30 1t 463
§. Ready for Testing 10 412 {63
5. Testtng Sompieted 30 {12 {63

D. Thrus¢ Shardew b
1, Bemove Previsus euuoi A |12 J63
2. Ready for Goatang 23 {1 J6y
3. lReady for Buildup 94 ilh
b, Peady for festtng 13} 2ien
9. Testing Completed -~ 2942160

B Thrust Crades 9§ _ _
1. Release Poo Pdrteetion N 3918
2. Boaly o0 Gesting — 17} 36
9. Mely foo Bullfup N AR L)
3. Dealiy fop Sesttng | Xl &
9. Teetlng Seapieted - I R

7. anjesdaw 1 R
3. Belesse dew NofiFlestten S 25 [ 7183 &
A, Meady fo0 Wi RtAAD 31916

§. Anjechw® 2
1. Meleass fe0 Tadrieatien e |30 }6Y
2. Mealdy for T8A Mutlly 29 lad 16)

$-rrrsent aemtoun oms A - ASoonsLIOOB0
P=POTEATIAL CHANGE 1N s 6- [T ]




IT. EXPANDABLE NOZZIES

A, INTRODUCTION
1. Purpose
The purpose of this project is to develop and test high expansion
ratio expandable noszle cones for rocket propulsion systems,
2. Appreach
The progran oedJectives will de ascemplished by a three-phase
(design, fabrication end experimental) effors. gifor& will de directed to simulate
the operational nessle conditlons of the Titan XI second-stage engine with dboth
metallic and not-Metalllc nossle expansioh eond 6kir¢ extenslens. Thrwet vec-
toring snd internal gap ¢ynanis cobditions will de L1avestigated utilising a
di-propellant 11qusd rocket enginp (12,000-1d thryst) movated on & multi-axis
thrust stand. A series of flight elmlstion Wets 10 ¢ vind Swanel will de
conducted with scale nodele using variows forebody shapes.
B. PROGRESS DURING KEPORT FERICOD
1. Theoreticel end Desi feetin .
Tinal modifications are Deing msde to the heat trensfer com-
puter program. This progran will be ready Zor 1imited wse early n November.
A1l test Dardware and eQuisment Ras deoh designed and released
drawings are available.
2. Fadrication
Six Lark nozzles are deing fadricated of NRI material for

deployment and structural evaluation.
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II, B, Progress During Report Period (cont.)

All hardware, nozzles and throat inserts have been completed
and delivered to the Azusa proving grounds for the 12K TVC test series.

Fabrication of the non-metallic AEDC Titan II second-stage ex-
pandable nozzles was initiated. Delivery of the first unit 1s expected to be in
mid-December. The 310 stainless steel has bion ordered for the metallic AEDC
expardable nozzle.

For the JPL wind tuinel progran, the space plare acdel and
mount were completed. The Venus and Titan second-stage medels are epproximately
50% completed. The expandable nossles for ihe wind tunhel Sest Gerise are cur-
rently being electro-formed. All hardware will de cempleted 1a mid-Noveamder.

3. Teating
a, Ilark
Five material tevts were cotdusted on tate 2aydestos-
Manhatten furnished nossles, dut as yet W fedyeed 4dto afe 9Wiladle.
b, 12K TVC
Repairs have dech conpleted oa the test ¥nSS that was
damaged during the initial check-out merive. A1l €09 Ressler and equipment
have been delivered and testing will de resuned ¢uring Novemders.

¢, Titan II Seecond—Stage ALDC Teets

A preliminary detail test plan {Tadle II-1) wvas given
to the AEDC J-l program office for the expandable nossle meries. Before this
series is begun, a short test stand shakedown series of Zouwr to six firings
of the thrust chamber assembdly will de conducted without expandable nozzles.
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II, B, Progress During Report Period (cont.)

d. Wind Tunnel Tests
All preliminary preparations have been completed for the
first wind tunnel tests on the space-plane type vehicle. These teats are
gcheduled for 21 November 1963 in the 21-ineh hypersonic cell at JPL.
C. NEXT REPORT PERIOD

Fabrication of the Lark and Titan sized nozzles will be continued.

lark, 12K TVC, and wind tunnel tests will de conducted.

Buildup at AEDC will be initiated.

The program plan is shown in Table II-2.

Page II-3



Test
No,

Pe . Nozzle
(psia) Mat'l

TABIE II-1
AEDC J-4 TEST SCHEDULE
Minimum

Area Altitude Duration
Ratio (£t) (sec)

Type of Test (N, Pressurant )

820 Rubber

75:1 70,000 10

15

N N2 15

77,000 10

15

15

(._

87,000 10
'.
' l ’

- L5

Nozzle fully expanded when
fired. Deployment tubes
pressurized to 50 psia.

Nozzle deployment with en-
gine firing. Tube pressure
50 to 60 pels.

Nossles deployment with en-
gine firing. Tube pressure
70 to 80 peda.

Nozzle fully expanded when
fired. Tude pressure 50
psia.

Nozsle deployment with en-
gine firing. Tube pressure
60 to 70 pais.

Nozsle deployment with en-
gine firing. Tube pressure
4O to SO peia.

Nozzle fully expanded when
fired. Tube pressure 50
paia.

Nozzle deployment with en-
gine firing. Tube pressure
50 to 60 pais.

Nozzle fully expanded when
fired., Tube pressure varied
during run. Start at 60
psia, drop pressure by hand
S 1b at 5 sec intervals un-
t11 nozzle becomes unstable.

=3



TABIE II-1 (cont.)

p Minimum
Test ¢ Nozzle Area Altitude Duration
No. (psia) Mat'l Ratio (¢) (sec) Type of Test (N, Pressurant)
10 500 - 310 S.S. 75:1 77,000 15 Nozzle deployment.
1 75:1 77,000 L5 Nozzle deployment.
12 100:1 86,000 15 Noszzle deployment.
13 100:1 86,000 L5 Nozzle deployment.
)} 550 ‘ 75:1 77,000 30 Nozzle deployment.
15 550 \ﬁ/ 100:1 85,000 30 Nozzle deployment.
16 - - - - - Repeat test to be deter-

nined.
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EXPANDABLE NOZZLE MILEPOST CHART

TABLE II-2

PoPOTENTIAL CHANGE IN  ICHEOULE

O — PREVIOUS  SCHEDULE  DATE

PRESENT
Eouns woaizs . HnEnor ST
PHASE I, ENGINEERING DESIGN
A. Refinement and Correlation
of Design Progress
1. Initiated 1| 6|63
2, Completed L) 516k
B, Lark Test Hardware
1. Initiated 1| 6|63
2. Completed | 863 -3
C. 12K Test Hardvare
1. Initiated 1| 663
2. Completed L1 9163
D. Titan 8ize Hardware
1. Initiated 1] 763
2. Completed 30 |10 |63 4
E. Wind Tunnel Flight
Simulation Test Hardware
1. Initisted 1| 863 h
2. Completed 30|10 |éu
PHASE II, PABRICATION
A. lark Hardvare
1, Initiated 1| 7163 A
2. Completed 3L f12 |63
B. 12X Hardware
1. Initisted 1] 7[63
2. Completed 3L {10 |63
C. Titan Size Hardvare
1. Initiated 1| 963
2. Completed 281 2 |6 P
D, Wind Tunnel Support and Misc. Hardware
1. Initdated 1] 963
2. Completed 151 e
_l_. Wind Tunnel Vehicle Models
1. Initlated 25| 9|63 13
2. Completed 3112 |63
PHASE III, TESTING
A. lark Materiml Test (Azusa)
1. Initiated 1{ 9163 A
2. Completed 8| 2|6k #
B. 12K TVC Test {Azuea)
1.V Initisted 11963
2. Completed 28| 2|6 Py
C. Titan Size Nozrles (4 AEDC)
1. Initiated 1] 1 (64
2. Completed 31| 3 {6 &»
D. Wind Tunnel Flight Simulation
Checkout Tests (Azusa)' DEIETED
1., Initiated
2. Completed
E, Wind Tunnel Flight Simuletion
Model Tests (JPL)
1. Initiated 21|11 |6k
2, Completed 3| 3 ]e f
‘-’OIIIIY SCHMEDULE DATE A~ ACCOMPLISHED J A ot o) F M




II1. COMBUSTION INSTABILITY SCALING CONCEPTS

A. INTRODUCTION
1. Purpose
The combustion instability project is directed toward estab-
lishing the applicadility of subscale longitudinal mode stability testing to the
prediction of the stadility of all modes in large liquid rocket engines. The
experimental technique under investigation has been demonstrated previously on
a laboratory scale in 1imited testing. The primary tool is a variable length
thrust chamber asambxr; Both the theoretical approach and the experimental
apparatus have been desecrided &n detail &n previous monthly progress reports.
B. PROGRESS DURING IHE REPORT FRRIOD
1. Desigr
The final design of nearly all parts has been completed. The
only exceptions are the exhauwst nosszle, rear injector support, and the Kistler
small-pagssage transduycer asseably. A1l design work on the nozzle and injector
support has been completed; only the fimal working drawings remain to be made.
The transducer design has 'b«n delayed pending receipt of the passage configu-
ration dimensions from Princeton University. This information is expected in
the very near future. No program slippage is expected.
2. Fabrication
Fabriéation of all designed components has been initiated

and is proceeding according to schedule.
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III, B, Progress During the Report Period (cont.)

3. Theoretical Calculations

Calculation of preliminary theoretical instability zones
has been delayed due to some uncertainties in the values of the nozzle ad-
mittance coefficient caloulated by a new digital computer program. The nozzle
admittagce coefficient describes mathematically the effect of the exhaust
nozzle on oscillations in the combustion chamber. The difficulties have been
“ resolved and the calculations of theoretical instability zones are continuing.
Because the axial distribution of combustion enters the calculation in a very
gignificant fashion, final instability zones, used for deducing values of the
combustion parameters ./ and T s cannot be determined until the initial com-
bustion distribution tests have been made.

C. NEXT REPORT PERICD
Fabrication of thrust chamber components will continue. Pro-
cedures for determining theoretical instability zones from combustion dis-
tribution test data will be developed. Calc;ulation of preliminary instability
zones will be completed.
The milepost chart for this project is shown in Table III-1.
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TABLE III-1 -

COMBUSTION INSTABILITY SCALING CONCEPTS MILEPOST CHART

PRESENT 4 cY 63 cY 64
COMBUSTION INSTABILITY SCALING CONCEPTS “:cn::uu" l: J| J| Al S|O]| N|DJJ|F M=
PHASE I, ENGINEERING DESIGN
A. Concept Completed A
B. Predesign
1, Initiated . 1| 7163
2. Completed 31| 8163 h
C. Final Design Initiated 11 9|63 h
1. Mount Completed 12| 8 [63 AO
2. Thrust Chamber Completed 7111 {63
3. Injector Completed b |10 [63 1
L, Actuation System Completed 12| 8 {63 A
5. "Aerofoil" 11 {10 |63 A
| PHASE II, FABRICATION INITIATED 26 | g e A
1. Mount Completed 4111 [63
2, Thrust Chamber Completed 6 |12 |63
3. Injector Completed 6 (12 |63 P
L. Actuation System Completed 16 |12 {63 )
5. Calibration Completed 24 12 |63
PHASE III, TESTING INYTLATED 16 [12 [63
1, Test Stand Muild-up Completed 611 (64
2. Calibration Mrings Completed 13 |1 |6
3. _Test Program Completed 3L {1 |64
| PHASE IV, ANALYSIS INITIATED A1) 7163
1. Calculation of Theoretical
Instability Zones Completed 13 1 |63
2. Completion of Comparison Between
. Theoretical Zones and Test Results 22 | b |64
@-PRESENT SCHEDULE OATE A — ACCOMPLISHED
P=POTENTIAL CHANGE IN SCMNEDULE o—’IEVIOUS SCHEDULE DATE




v, ABIATIVE THRUST CHAMBERS

4, INTRODUCTION
1.  Purpose
~ The purpose of this project is to demonstrate the feasibility..
of large ablatively-cooled thrust chambers for high performance liquid rocket
hengines operating at chamber pressures up to 300 psia for extended durations.
The ablative chambers will employ the compresaion-molded building block con-
cept.
2.  Approaches
Six thrust chambers fabricated under Contract AF OL4(647)-652/
SA 33 will de uged with injectors developed under the Apollo Service Module En-
gine Program (Contract NAS 9-150). A water—cooled transition will be used to
adapt the injector to the adlative chambers, which have a Titan II second-stage
configuration., The thrust chambers are described in detail in Volume I of the
final report for Contract AF OL(64T)-652/24 )3(1), and are briefly described
in Report 212/SA 3-2.2.M~1 of the current series of monthly progress reports.
B. PROGRESS DURING THE REPORT FERICD
1. Transition Section

Fabrication was approximately 75% completed during the re-
pért period. A one to two-week delay is anticipated in meeting the originally
scheduled complétion date decause of a delay in delivery of material and a
heavy demand on brazing furnace time. This delay will not significantly affect
the overall schedule.

(1) BSD-TDR-63-118, "Ablative Thrust Chamber Feasibility," 28 June 1963.
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IV, B, Progress During the Report Period (cont.)

2. Ih;ector

Final selection of the injector to be used in the firing
tests has not yet been made. Two stainless steel injectors (S/N AT-6, AT-3)
used in the early Apollo service module engine tests will be shipped from
Azusa to Sacramento in order that their physical condition may be assessed.

The amount of reconditioning required (if any) will determine the firing dates,
and will have an influence on selection of a specific injector.

3. Ablative Chambers

Five chambers are complete and ready for firing tests.
Fabrication of the sixth and last chamber has been temporarily delayed as the
steel shell distorted in stress-relieving after welding. The flanges have
been cut from this shell and will be welded to a new center body after it is

rolled and welded.,

L. Injector Heat Transfer and Stress Analysis
The analysis of'the ﬁodified stainless steel Apollo injectors
is underway. The results are too incomplete for incorporation in the current
report. | |
C. NEXT REPORT PERICD

Fabrication of the sixth chamber will be completed. The injectors
will be inspected and the selection made. The thermal and stress analysis of
the injector will be completed and evaluated along with the physical condition

of the injectors. Upon approval of the proposed firing parameters by the
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IV, C, Next Report Period (cont.)

Rocket Propulsion Laboratory, the preliminary teat request to the teat area
will be superseded by a specific test request.

The program schedule is presented in Table IV-1,

Page IV-3



TABLE IV-1

ABLATIVE THRUST CHAMBERS REASIBILITY MILBPOST CHART

PRESENY

Calendar Year 1963 Calendar Year 1964

ABIATIVE THRUST CHAMERR FRASIBILITY scneouLe E
H

DAY | MO | va

J| J] Al 8] 0| | D] J]| P

Phase I, TEST PREPARATION

4, Design of Ablative Chamber A

B, Pabrication of Ablative Chamber

1. Chamber 28,528-9 A

2, Chamber 278120149 31 8|63 3

3. Chamber 278120-259 21| 8|63 L

4e Chamber 278120-189 51| 8|63 N

5. Chambey 28(528-29 15|10 | 63

6. Chambey 278120-219 016 6 H
C. Design of Metal Shell A
D, Pabrication of Metal Shells (2) 1011163 ; 1
R, Design of Transition Section 10]| 8|63 A

1. Heat Transfer Analysis 10| 17!les A
. Fabrication of Transition Section 15 163 P
G. Selection of Injectars 31/10]6
R, Injectar Pabrication (if required) 30{12 |63
1., Unoooled Chasber Acquisition 156 |63 A
J. Selection of Instrumentation 15 (12 |63
K. Selection of Firing Parameters 15| 9]6s A @
L. Ablative Chamber Asseably {1263 #
1M, Installation of Instrumentation 30|11 £3

| PHASE 11, FIRING TESTS
A. Injector Checkout 30 (11 (63

B, Ablative Chamber Test nl 16 >

| PHASE 111, BATA EVALUATION

14, Data Reduction 21} 2 164
{8, Chamber Evaluation
| 3. Peformnce 6|3 ->
| 2, Matérisls Pvaluation 6! 3 -
|2 Coopardscn with Subscale Tests 1] 4

$-PRESENT SCHEDULE DATE A — ACCOMPLISHED

P~POTENTIAL CHANGE N SCHEDULE o*’lEVIOUS SCHEDULE DATE




V. PROGRAM REPORT ING

Iisted in Table V-1l is the schedule for contract reports.
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TABLE V-1

PROGRAM REPORTING MILEPOST CHART

PAESENT
PROGRAM REPORTING TAT.":N:Q ci 635 J :y Ml g g
1. TFIRANCIAL STATUS REPORT
let Quarter 25) 9163 A
2nd Quarter 25126
3rd_Quarter 316
bth Quarter 25| 6|6 L
2. PUNDING STATUS REFORT ]
June 1963 10| 7163
July 1963 10| 816 A
August, 1963 0] 9163 A
September 1963 1010 |63
Oetober 1963 10 |11 |63
November 1963 10 |18 |6
December 1963 10} 1 163
Jan X 0] 26
February 1964 10| 3|64
March 196k 10| 4 J6
April 1964 10| 5 |64 %
May 1964 10| 6 {6k
3. MANPOWER STATUS REPORT
June 1963 0| 7163
July 1963 10| 8 |63 A
August 1963 1019 |63 A
September 1963 10 {10 |63
October 1963 10 [11 (63
November 1963 10 |12 163
Decenber 1963 10] 1 |64 #
January 1964 0] 2|6 *
February 1964 10 [ 3 |64
March 1964 10| 4 le )
April 1964 w05 |64
| _May 196 10] 6|6
4, PROGRAM PROGRESS REPORT (MONTHLY)
June 1963 2017163
July 1963 20| 8163 A
September 1963 20 (10 |63
October 1963 20 |11 |63
December 1963 20| 1|6k
January 1964 20) 2|6k
March 1964 20| k|6
April 1964 20| 5|64
5. PROGRAM PROGRESS REPORT (QUARTEHLY)
August 1963 17| 9163 A
Novesber 1963 20 [12 163
Pebrusry 1964 20| 3|63
6. FINAL PROGRAM REPORT 151 764
‘ 7. DOCUMENTARY PIIM 15 7 (6
$-PRECENT ICHEOULE BATE A —accomeLIONED

P-POTENTIAL CHANSE N SENEOULE O -~ PAEVIOUS BCHEPAL  OATE
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